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(54) Infrared QPSK transmission system 

(57) A digital signal transmitting apparatus (1), a 
digital signal transmitting method, and a digital signal 
transmitter-receiver. Ibr transmitting a digital signal 
within a specified frequency band by using an infrared 
transmission method. An infrared signal within a speci- 
fied frequency band can be obtained by using a QPSK 
modulation circuit 13 having roll-off filters 132 and 133 



and applying roll-off filtering and QPSK modulation to 
an inputted digital audio signal, and thereby generating 
a digital modulated signal 82 whose bandwidth is nar- 
rowed and driving an infrared emitter (4) based on the 
modulated digital audio signal 82. 
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Description 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

[0001 ] The present Invention relates to a digital signal 
transmission apparatus, a digital signal transmission 
method, and a digital signal transmitter-receiver, and is 
suitable for applying to a case of transmitting a digital 
audio signal by, for example, a radio transmission sys- 
tem. 

DESCRIPTION OF THE RELATED ART 

[0002] As this type of audio signal transmission meth- 
od, there is an infrared transmission method. The infra- 
red transmission method generates a transmission au- 
dio signal by frequency-modulating an audio signal at 
the transmitting side and driving an infrared optical emit- 
ter based on the frequency-modulated signal. At the re- 
ceiving side, the transmission audio signal is received 
by an infrared photodetector and thereafter demodulat- 
ed. 

[0003] Thereby, this type of audio signal transmission 
method requires no transmission line and makes it pos- 
sible to simultaneously transmit a desired audio signal 
to a plurality of audio units. Therefore, the audio signal 
transmission method is used for a wireless headphone, 
a speaker system, and so on. 

[0004] However, the existing infrared transmission 
method has a problem that an audio signal is easily de- 
teriorated because It Is analog-modulated and then 
transmitted. 

[0005] To solve this problem, an audio signal trans- 
mission method of driving an infrared optical emitter 
based on a digital audio signal and thereby transmitting 
a high-tone-quality digital audio signal by an Infrared 
transmission method is proposed by the applicant of this 
application and disclosed In the US Patent Application 
No. 5394259. 

[0006] However, the audio signal transmission meth- 
od of this type drives an Infrared optical emitter by di- 
rectly using a digital audio signal to be originally trans- 
mitted by a coaxial cable or optical fiber, or a digital audio 
signal processed through EFM (Eight to Fourteen Mod- 
ulation). Therefore, a problem occurs that the frequency 
band of the digital audio signal thus obtained cannot fol- 
low the frequency allocation of sub-carriers related to 
infrared transmission specified in CP-1 205 of Electronic 
Industries Association of Japan. 
[0007] That is, CP-1 205 specifies the f req uency allo- 
cation (subcarrier) shown in Fig. 1 so as to transmit a 
remote control signal within a band of 0.33 to 0.4 [MHz], 
a conference system signal and an analog audio signal 
within a band of 0.4 to 1 [MHz], various data values with- 
in a band of 1 to 2 [MHz], a high-tone-quality audio signal 
within a band of 2 to 6 [MHz], and a video signal within 



2 

a band of 6 to 30 [MHz]. 

[0008] Thus, a digital audio signal must be transmitted 
within a frequency band of 2 to 6 MHz. However, an ex- 
isting digital audio signal Is transmitted also by using a 

5 band other than the above frequency band. 

[0009] From JP-A-06276158 is known an Infrared 
transmission system which transmits a digital signal to 
an external audio unit by using a QPSK modulation and 
driving an infrared emitter based on the modulated sig- 

10 nal. 

SUMMARY OF THE INVENTION 

[0010] It is an object of the present invention to pro- 
15 vide a digital signal transmission apparatus, a digital sig- 
nal transmission method, and a digital signal transmit- 
ter-receiver where it is possibletotransmit within a spec- 
ified frequency band and to obtain a desired signal char- 
acteristic at the receiving side, when transmitting a dig- 
20 itai audio signal according to the Infrared transmission 
method. 

[001 1 ] This object is achieved by a digital signal trans- 
mission apparatus, a digital signal transmission method, 
and a digital signal transmitter-receiver according to the 
25 enclosed independent claims. Advantageous features 
of the present invention are defined in the corresponding 
subclaims. 

[0012] With the present invention, an infrared signal 
set within a specified frequency band can be obtained 
30 by driving an infrared emitter based on the band-limited 
digital modulated signal. 

[0013] Moreover, by applying a different modulation 
(QPSK modulation, 16QAM modulation, or BPSK mod- 
ulation) to a digital signal in accordance with the signif- 

35 icance of the digital signal data, it Is possible to Increase 
the transmission distance for data with higher signifi- 
cance and receive a natural voice whose tone quality is 
gradually deteriorated at the receiving side as the dis- 
tance between the transmitting and receiving sides in- 

40 creases. As a result. It is possible to obtain a desired 
signal characteristic at the receiving side. 
[0014] The nature, principle and utility of the invention 
will become more apparent from the following detailed 
description when read in conjunction with the accompa- 

45 nylng drawings In which like parts are designated by like 
reference numerals or characters. 

BRIEF DESCRIPTION OF THE DRAWINGS 

50 [001 5] In the accompanying drawings: 

Fig. 1 is a schematic diagram showing a frequency 
allocation standard related to infrared transmission; 
Fig. 2 is a block diagram showing an embodiment 
55 of an audio signal transmission system using the 
digital signal transmission apparatus of the present 
invention; 

Fig. 3 is a block diagram showing the structure of a 
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transmitter of the embodiment; 
Figs. 4(A) and 4(B) are schematic diagrams show- 
ing data block structures of the DIO standard; 
Fig. 5 is a schematic diagram showing a frequency 
band of an optical transmission signal outputted 
from the audio signal transmission apparatus of the 
embodiment; 

Fig. 6 is a block diagram showing the structure of a 
QPSK modulation circuit of the embodiment; 
Figs. 7(A) to 7(C) are schematic diagrams explain- 
ing the roll-off filtering by the embodiment; 
Fig. 8 Is a block diagram showing the structure of a 
receiver of the embodiment; 
Fig. 9 is a block diagram showing the structure of a 
transmitter of the second embodiment; 
Fig. 1 0 Is a characteristic curvilinear diagram show- 
ing the relation between distance up to a receiver 
explaining graceful degradation and reached data; 
and 

Fig. 11 is a block diagram showing the structure of 
a receiver of another embodiment. 

DETAILED DESCRIPTION OF THE EMBODIMENT 

[0016] Preferred embodiments of this invention will be 
described with reference to the accompanying draw- 
ings: 

(1) First embodiment 

[0017] Referring to Fig. 2, reference numeral 1 de- 
notes an audio signal transmission apparatus for trans- 
mitting a digital audio signal according to the Infrared 
transmission method as a whole. The audio signal trans- 
mission apparatus 1 inputs a digital audio signal SI out- 
putted from a digital audio unit 2 to a transmitter 3 
through a coaxial cable or optical fiber. 
[0018] In the transmitter 3, the digital audio signal S1 
confomningto IEC-958 (DIO) specified by lEC (Interna- 
tional Electrotechnlcal Commission) is first re-fomnatted 
into a structure suitable for infrared transmission. This 
is because data at a transmission rate of 3.072 [Mpbs] 
X 2 (multiplied by 2 for biphase conversion) Is present 
in the case of DIO and thereby a band cannot be set 
within 3 to 6 [MHz]. 

[0019] The re-formatted signal is digital-modulated 
and a modulated audio signal S2 obtained by the digital 
modulation is transmitted to an infrared optical emitter 
4. The Infrared optical emitter 4 comprises an amplifying 
circuit, a light emitting diode (or a laser diode), a lens, 
and an optical filter, which Is driven based on the mod- 
ulated audio signal S2 to generate an optical transmis- 
sion signal S3 consisting of infrared rays. 
[0020] The optical transmission signal S3 Is convert- 
ed to a modulated audio signal S4 by an infrared pho- 
todetector 5 comprising an optical filter, a lens, a photo- 
diode (or a phototranslstor), and an amplifying circuit 
and Inputted to a receiver 6. The receiver 6 generates 



a demodulated audio signal S5 having the same data 
structure as the digital audio signal S1 by reversing the 
processing performed by the transmitter 3 and demod- 
ulating the modulated audio signal S4 and transmits the 

5 demodulated audio signal 5 to an analog audio unit 7 
and/or a digital audio unit 8 comprising a speaker sys- 
tem and the like through a coaxial cable or optical fiber. 
[0021 ] In this case, the transmitter 3 is constituted as 
shown in Fig. 3. That is, the transmitters inputs the dig- 

10 ital audio signal SI to a re-fonnatting circuit 12 through 
an input circuit 10 and a parity addition circuit 11 . The 
parity addition circuit 11 adds an error correction parity 
to a digital audio signal S7 and supplies a digital audio 
signal 89 obtained as the result of addition of the parity 

15 to the re-fomriattlng circuit 1 2. 

[0022] The re-fomnattlng circuit 1 2 removes unneces- 
sary data or duplicate data such as a block synchroniz- 
ing signal or subf rame synchronizing signal from the dig- 
ital audio signal S9 and thereafter stores the block struc- 

20 ture specified in iEC-968 (DIO), and moreover, when 
necessary, fomris a predetemiined bit stream by adding 
an error correction parity to the signal S9. As a result, 
the re-fomiattlng circuit 12 makes It possible to narrow 
the bandwidth of the digital audio signal S9 by removing 

25 unnecessary data and add error connection data to the 
digital audio signal S9. Figs. 4A and 4B show the block 
structure specified in DIO. 

[0023] The transmitter 3 supplies the digital audio sig- 
nal S1 to a clock conversion circuit 15 through the input 

30 circuit 10. The clock conversion circuit 15 comprises a 
PLL circuit, a frequency dividing circuit, and a multipli- 
cation circuit and generates a channel clock S8 by prop- 
erly converting a data clock (sampling frequency) S6 of 
the digital audio signal SI In accordance with the infor- 

35 matlon on how much data increases (predetermined) In 
the parity addition circuit 1 1 and the re-fomriatting circuit 
12. 

[0024] In fact, the digital audio signal Si Is a signal 
reproduced by the digital audio unit 2 (Fig. 2) such as a 

^ digital processor, compact-disk reproducer, or digital au- 
dio taperecorder (DAT), with a sampling frequency of 
32, 44.056, 44.1 , or 48 [kHz], and at a transmission rate 
of 3.072 [Mbps] when the number of quantization bits 
ranges between 20 and 24 and a sampling frequency of 

45 48 [kHz] (this is the severest condition for limiting the 
frequency band of a signal), that is, a digital audio signal 
confomiing to IEC-958 specified by lEC (International 
Electrotechnlcal Commission). 
[0025] A QPSK (Quadrature Phase Shift Keying) 

so modulation circuit 1 3 receives a re-fonnatted signal S1 0 
outputted from the re-fomriatting circuit 1 2 and the chan- 
nel clock S8 obtained by clock-converting the sampling 
frequency signal S6. The QPSK modulation circuit 13 
sets the re-fomnatted signal SI 0 within a predetemiined 

55 frequency range by applying four-phase modulation to 
the re-fonnatted signal SI 0 while referring to the chan- 
nel clock S8. 

[0026] Thus, the QPSK modulation circuit 13 modu- 
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lates the digital audio signal S1 into the modulated audio 
signal S2 with a frequency band of 3 to 6 [MHz] by avoid- 
ing the frequencies 2.3 and 2.8 [MHz] allocated to an 
analog headphone out of the frequencies of 2 to 6 [M Hz] 
assigned as a high-tone-quality voice transmission 
band, as shown in Fig. 5. 

[0027] Rg. 6 shows a detailed structure of the QPSK 
modulation circuit 13. The re-formatted signal S10 is 
supplied to the input tenninal of a switcher SW1 . In the 
switcher SW1 , either temninal "a" or "b" is selected in 
accordance with the channel clock S8. That Is, the ter- 
minal "a" is selected when the channel clock S8 corre- 
sponds to the sampling frequency 44.056 or 44.1 [kHz] 
and the terminal "b" is selected when it conresponds to 
the sampling frequency 32 or 48 [kHz]. 
[0028] In this case, the switcher SW1 is controlled In 
accordance with the channel clock S8. However, it is al- 
so possible to control the switcher SW1 by using the da- 
ta clock S6 because it is possible to know the sampling 
frequency of the digital audio signal SI by using either 
channel clock S8 or data clock S6. Therefore, as long 
as the sampling frequency can be known. It is possible 
to switch the tennlnals "a" and "b" of the switcher SW1 
by using any signal specified in IEC-958 (DIO) and ca- 
pable of discriminating the sampling frequency. 
[0029] Thereby, when the sampling frequency Is 
44.056 or 44.1 [kHz], the re-fomnatted signal S10 is di- 
rectly Inputted to a serial/parallel conversion circuit 131 . 
However, when the sampling frequency is 32 or 48 
[kHz], the signal SIC is inputted to the serial/parallel 
conversion circuit 131 through a patching circuit 130. 
The patching circuit 130 reads data at a channel clock 
corresponding to the sampling frequency of 48 [kHz] 
and fomis a data block even if the data of 32 [kHz] is 
inputted. 

[0030] However, because the patching circuit 130 
reads the data of 32 [kHz] at the channel clock of 48 
[kHz], the data overflows one block. Therefore, the 
patching circuit 130 performs patching for Inserting un- 
necessary data. In this case, 1/3 the data in the block 
becomes unnecessary data. Thus, because patching is 
perfomned, the signal of 32 [kHz] can be handled as the 
signal of 48 [kHz] and processed by a pair of roll-off fil- 
ters. As a result, the structure can be simplified. 
[0031] The re-fonnatted signal S10 is parallel-con- 
verted to l-data S11 and Q-data SI 2 by the serial/par- 
allel conversion circuit 131 . The l-data S11 and Q-data 
SI 2 are supplied to roll-off filters 132 and 133 respec- 
tively. In this case, roll-off filters 1 32A and 1 33A perform 
filtering to the signals with the sampling frequencies of 
44.056 and 44.1 [kHz] by regarding them as signals cor- 
responding to one sampling frequency. This Is because 
the sampling frequencies of these two signals are very 
close to each other. 

[0032] Moreover, roll-off filters 132B and 133B per- 
fonn filtering corresponding to the signal of 48 [kHz]. 
These two types of filters are switched by switchers 
SW2 and SW3 similarly to the case of the switcher SW1 . 



Filtered i-data 81 3 and Q-data SI 4 are supplied to mul- 
tiplication circuits 134 and 135 respectively. 
[0033] The multiplication circuit 1 34 multiplies a car- 
rier fc generated by a carrier generation circuit 136 by 

5 the l-data SI 3 and sends a modulated signal SI 5 ob- 
tained as the result of the multiplication to an addition 
circuit 138. The multiplication circuit 135 multiplies the 
carrier fc whose phase is shifted by n/2 by a phase shift- 
er 139 by the Q-data SI 4 and sends a modulated signal 

10 SI 6 obtained as the result of the multiplication to the 
addition circuit 138. Thus, the modulated signals 815 
and 81 6 are added by the addition circuit 1 38 and there- 
by, the modulated audio signal S2 generated by QPSK- 
modulating the carrier fc with the digital audio signal {re- 
is formatted signal) S10 is obtained. 

[0034] In the case of this embodiment, roil-off rates of 
two pairs of roll-off filters 132 and 133 are set to 20 to 
30 [%] and resultingly, the QPSK modulation circuits 13 
can obtain a transmission content capable of adding an 

20 error coaection parity. 

[0035] The modulated audio signal 82 outputted from 
the QPSK modulation circuit 13 is transmitted to the fol- 
lowing Infrared optical emitter 4 (Fig. 2) through the am- 
plification circuit 1 4. Thus, it is possible to output the op- 

25 tical transmission signal S3 set within a specified fre- 
quency band from the infrared optical emitter 4. 
[0036] Therefore, the transmitter 3 effectively sets a 
digital audio signal within a specified frequency by com- 
bining the filtering by the roll-off filters 1 32 and 1 33 hav- 

30 Ing a roll-off rate of 20 to 30 [%] with QPSK modulation. 
This operation is described below by referring to Figs. 
7(A) to 7(C). Fig. 7(A) shows a signal obtained by mod- 
ulating the signal of the sampling frequency of 48 [kHz] 
only by QPSK. in this case, the band has 3.072 [MHz] 

35 centering around the carrier frequency fc (e.g. 4.5 
[kHz]). Therefore, it is not impossible to set a digital au- 
dio signal within 3 to 6 [MHz] only by QPSK modulation. 
[0037] Therefore, the transmitter 3 further narrows the 
bandwidth by combining roil-off filtering with QPSK 

40 modulation. Fig. 7(B) shows characteristic curves of a 
roll-off filter. To set a digital audio signal within 3 to 6 
[MHz] and add a predetemnined number of en'or correc- 
tion codes to the signal, it is necessary to decrease a 
roll-off rate. However, because it is practically difficult to 

^ realize an extremely-steep characteristic curve, It is 
proper to set the roll-off rate to 20 to 30 [%]. Therefore, 
in the case of this embodiment, the roll-off rate is set to 
20 to 30 [%]. In Fig. 7(B), symbol fch represents a chan- 
nel clock frequency on a transmission path and Tch rep- 

50 resents a time interval of a symbol. 

[0038] Fig. 7(C) shows a digital audio signal whose 
frequency is set within 3 to 6 [MHz] by combining roll- 
off filtering with QPSK modulation as the case of this 
embodiment. The both ends of the signal are provided 

S5 with a slight allowance (guard band) respectively be- 
cause a case of perf omiing processing with a band pass 
filter (not shown) at the receiving side is considered. 
[0039] In this case, the receiver 6 is constituted as 
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shown in Fig. 8. That is, the receiver 6 inputs the mod- 
uiated audio signal S4 outputted from the infrared pho- 
todetector 5 to a QPSK demodulation circuit 21 and a 
carrier detection circuit 22 through an amplification cir- 
cuit 20. The QPSK demodulation circuit 21 generates a 
demodulated audio signal S21 comprising the same bit 
stream as the re-fonnatted signal S10 (Fig. 3) by de- 
modulating a modulated audio signal S20 while referring 
to a carrier signal S22 detected by the carrier detection 
circuit 22 and sends the demodulated audio signal S21 
to a fomnat restoration circuit 23. 
[0040] The format restoration circuit 23 generates a 
digital audio signal S23 conforming to IEC-958 from the 
demodulated audio signal S21 by reversing the 
processing perfomied by the re-formatting circuit 1 2 and 
sends the digital audio signal S23 to an error correction 
circuit 24. The error correction circuit 24 corrects an er- 
ror caused under transmission by using an error connec- 
tion parity included in the digital audio signal S23 and 
sends a digital audio signal S24 obtained as the result 
of the error correction to an output circuit 25. 
[0041] In this case, the error correction circuit 24 
checks If the error can be corrected. If not, the circuit 24 
sends an output control signal S25 to the output circuit 
25 to stop the output operation of the output circuit 25. 
In the case of this embodiment, the error correction par- 
ity uses a Read-Soiomon code, a correctable range V 
is set as shown in the following equation: 

d>2r (1) 

for a distance "d" of a correction code in order to enable 
error correction, and erors are corrected in the range. 
The output circuit 25 generates the demodulated audio 
signal S5 by converting the data rate of the digital audio 
signal S24 to a value suitable for an audio unit at the 
rear stage and outputs the signal S5. 
[0042] In the above structure, the transmitter 3 of this 
embodiment sets a signal of, for example, 3.072 [Mbps] 
within a frequency band of 3 to 6 [MHz]. The transmitter 
3 removes unnecessary data from an inputted digital au- 
dio signal. Moreover, the transmitter 3 adds an error cor- 
rection parity to data. In this case, data content of the 
signal increases by a value obtained by subtracting un- 
necessary data from the parity compared to that of the 
original signal. 

[0043] Then, the transmitter 3 applies QPSK modula- 
tion to the above data. When applying the QPSK mod- 
ulation, the transmitter 3 applies roll-off filtering to the 
digital audio signal at a roll-off rate of 20 to 30 [%]. As a 
result, when the roll-off rate is set to 30 [%], it is possible 
to form a modulated audio signal having a bandwidth of 
approximately 2.0 to 2.6 [MIHz] centering around the car- 
rier frequency fc (= 4.5 [MHz]). This bandwidth slightly 
changes depending on the parity content. 
[0044] Therefore, the above structure makes It possi- 
ble to set the digital audio signal SI confonning to IEC- 



958 within a frequency band conforming to an infrared 
transmission standard by applying roll-off filtering and 
QPSK modulation to the signal S1. Thus, the infrared 
transmission apparatus 1 makes it possible to obtain the 

s optical transmission signal S3 conforming to an infrared 
transmission standard by driving an Infrared emitter 4 
based on the modulated audio signal S2 obtained as the 
result of the above operations. 
[0045] Moreover, it is possible to simplify the structu re 

10 by processing the digital audio signal SI comprising four 
types of sampling frequencies by two roll-off filters. 
[0046] Furthemnore, It Is possible to add an error cor- 
rection code to a predetermined transmission content 
by setting the roll-off rate of each roll-off filter to 20 to 30 

(2) Second embodiment 

[0047] In Fig. 9 in which a portion corresponding to 
20 that in Fig. 3 is provided with the reference numeral, ref- 
erence numeral 1 00 denotes a transmitter of the second 
embodiment as a whole, which corresponds to the 
transmitter 3 in Fig. 2. The transmitter 100 sends the 
inputted digital audio signal SI to a data branching cir- 
25 cuit 31 of a parity addition circuit 30 through the input 
circuit 1 0. The data branching circuit 31 sends the most 
significant data to an error code addition circuit 32A, the 
next signifrcant data to an error code addition circuit 
32B, and less significant data to an error code addition 
30 circuit 32C in accordance with the significance (speci- 
fied by DIG fomnat) of the data Included In the digital 
audio signal SI. 

[0048] The en^or code addition circuit 32A adds more 
error correction parities to inputted data, the error code 

35 addition circuit 32C adds less en^or connection parities to 
the data, and the en^or code addition circuit 32B adds 
error correction parities less than those of the en-or code 
addition circuit 32A but more than those of the en^or code 
addition circuit 32C to the data. 

40 [0049] The data outputted from the en^or code addi- 
tion circuits 32 A to 32C is inputted to the re-fomnatting 
circuit 12 through a multiplexer 33. The data re-fomnat- 
ted by the re-formatting circuit 1 2 as described above is 
sent to the QPSK modulation circuit 1 3. set within a fre- 

45 quency band confonning to an infrared transmission 
standard by being modulated by the circuit 13, and out- 
putted as the modulated audio signal SI 5. 
[0050] Because the data values in user's bit, valid bit, 
and status bit among the data included in the digital au- 

50 dio signal SI confomning to IEC-958 are practically very 
important, the data branching circuit 31 sends these da- 
ta values to the error code addition circuit 32A. Moreo- 
ver, because the significance of sampling data lowers 
from the MSB (Most Significant Bit) to the LSB (Least 

55 Significant Bit), the sampling data is branched from the 
error code addition circuit 32A to the en^or code addition 
circuit 32C. 

[0051] As a result, data provided with more error cor- 
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rection parities is easily restored at the receiving side 
when the same bit error occurs under transnritssion be- 
cause the data has higher correction capacity than other 
data. However, data provided with less en^or correction 
parities is not easily restored because the data has low- 
er restoration capacity. In other words, the transmitter 
100 applies weighting to the data Included In the digital 
audio signal SI . 

[0052] Therefore, the transmitter 100 realizes the 
graceful degradation by using the weighting. That is, 
when driving the infrared optical emitter 4 based on the 
modulated audio signal S15 generated by the transmit- 
ter 100 of this embodiment, the tone quality Is deterio- 
rated starting with data having less error correction par- 
ities at the receiving side as the distance between the 
transmitting side and the receiving side Increases. As a 
result, the transmitter 1 00 makes it possible to obtain an 
effect as if the tone quality of an analog audio signal 
slowly deteriorates instead of the fact that all voices are 
suddenly interrupted when the distance between the 
transmitter 1 00 and the receiver 6 exceeds a certain val- 
ue and therefore supply natural voices to the receiving 
side. 

[0053] Moreover, the transmitter 1 00 makes it possi- 
ble to freely adjust a transmission distance in accord- 
ance with the purpose by previously setting the number 
of error correction parities to be added to a desired value 
and thereby, the usability can be improved. 
[0054] In the above structure, the transmitter 100 
splits data in accordance with the significance of the da- 
ta Included in the digital audio signal SI . Then, the trans- 
mitter 1 00 adds more error correction parities to data 
with higher signif teance and less error correction parities 
to data with lower significance. 
[0055] Then, the data provided with en-or correction 
parities is QPSK-modulated and the modulated audio 
signal SI 5 obtained as the result of the QPSK modula- 
tion Is supplied to the infrared optical emitter 4 (Fig. 2) 
to obtain the optical transmission signal S3. 
[0056] The data quantity of the optical transmission 
signal S3 thus obtained reaching a receiver decreases 
stepwise as the distance up to the receiver Increases as 
shown in Fig. 1 0. Therefore, it is possible to receive nat- 
ural sounds close to the case of the analog transmission 
shown by a broken line in Fig. 10 at the receiving side. 
[0057] According to the above structure, it is possible 
to realize graceful degradation and comparatively im- 
prove the tone quality at the receiving side because 
more error correction parities are added to data with 
higher significance and thereafter QPSK-modulated. 

(3) Other embodiments 

[0058] (3-1 ) In the above second embodiment, grace- 
ful degradation is realized by splitting the data included 
in the digital audio signal SI in accordance with signifi- 
cance and adding more error con'ection parities to data 
with higher significance. However, the present invention 



is not only limited to this, but is also possible to realize 
graceful degradation through multi-carrier transmission 
by using, for example, a transmitter 200 with the struc- 
ture shown in Fig, 11 as the transmitter 3 (Fig. 2). 

5 [0059] That is, in Fig. 11 in which a portion corre- 
sponding to that in Fig. 4 is provided with the same ref- 
erence numeral, the transmitter 200 divides the re-for- 
matted signal S10 outputted from the re-fomnatting cir- 
cuit 12 into a plurality of data values in accordance with 

10 the significance of data. Each divided data value is mod- 
ulated by a different modulation method by a digital 
modulation section 42 and set within a specified fre- 
quency band. In this case, it is possible to constitute the 
modulation section 42 with a BPSK (Binary Phase Shift 

15 Keying) modulation circuit 42A, a QPSK modulation cir- 
cuit 428, and a 16QAM (Quadrature Amplitude Modu- 
lation) circuit 42C. Moreover, the modulation circuits 
42A to 42C are constituted so as to shape wavefonms 
by a roll-off fitter similariy to the case of the above em- 

20 bodlments. 

[0060] In this case, the rate of the data quantity of 
each modulation method is detemiined in accordance 
with the following idea. That is, when transmitting a dig- 
ital audio signal only through QPSK modulation, speci- 

25 tying the bandwidth In the QPSK modulation as "1" and 
the transmission data quantity as "1 ", and assuming the 
data rates of the BPSK modulation, QPSK modulation, 
and 1 6QAM modulation as "x", V > ^^c^ "2" respectively, 
the following equation: 

30 

X + y + z = 1 (2) 

is obtained for the data quantity. Moreover, the following 
35 equation: 

2x + y + | = 1 (3) 

^ Is obtained forthe bandwidth. Therefore, the rate of data 
quantity of each modulation method can be obtained 
from the above two equations. To transmit the same da- 
ta quantity as the QPSK modulation, the BPSK modu- 
lation requires a twofold band but the 16QAM modula- 

45 tlon requires only a 1/2 band. Therefore, the equation 
(2) Is obtained for the bandwidth. 
[0061] Modulated signals S30A to S30C outputted 
from the digital modulation circuits 42Ato 42C are sup- 
plied to an infrared optical emitter through the addition 

50 circuit 43 and the amplification circuit 1 4. Thus, graceful 
degradation can be realized because a data transmis- 
sion distance changes for each modulation method. 

(3-2) In the above embodiments, a roll-off filter 
with a roll-off rate of 20 to 30 [%] is set to the QPSK 

55 modulation circuit 1 3 of the transmitter 3. However, the 
present invention is not only limited to this, but is also 
possible to set a roll-off filter to the modulation side and 
the demodulation side respectively. In this case, it is 
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necessary to constitute the roll-off f ilters so that the roll- 
off rates of the modulation-side and dennodulation-side 
roll-off filters come to a total of 20 to 30 [%]. That is, It 
is necessary to realize roll-off in the whole transmission 
path, it is nonnaliy necessary to use a filter having the 
root roll-off characteristic equally distributed to the trans- 
mitting side (modulation side) and the receiving side 
(demodulation side). 

(3-3) In the above embodiments, the digital audio 
signal SI confonningto IEC-958 isset within a specified 
frequency band and infrared-transmitted. However, the 
present invention is not only limited to this, but can apply 
to the case of infrared-transmitting Atrac data obtained 
from a mini-disk drive (MD), data obtained from a digital 
compact cassette (DCC), or computer data and obtain 
the same advantage as the above embodiments. More- 
over, these types of data can be discriminated by adding 
a header to them. 

(3-4) By adding a return function to the receiving 
side, it is possible to control the light emitting direction 
or the like at the transmitting side in accordance with the 
receiving state at the receiving side and further improve 
the usability. 

[0062] Furthermore, according to the above embodi- 
ments, noises are decreased and an error rate is im- 
proved as the result of narrowing the frequency band- 
width of a transmission signal and resultingly, a trans- 
mission distance can be increased for the same trans- 
mission output. It is also possible to obtain the same 
advantage by performing narrow-angle transmission by 
the infrared optical emitter 4. This Is effective when the 
receiving side is a fixed object like a speaker. 

(3-5) In the above embodiments, the digital audio 
unit 2 is provided separately from the transmitter 3 and 
the infrared optical emitter 4, and the analog audio unit 
7 and the digital audio unit 8 are set separately from the 
infrared photodetector 5 and the receiver 6. However, 
the present invention is not only limited to this, but may 
provide the transmitter 3 and the infrared optical emitter 
4 on the digital audio unit 2, and the Infrared photode- 
tector 5 and the receiver 6 on the analog audio unit 7 or 
digital audio unit 8. 

[0063] As described above, according to the present 
invention, a digital signal transmission apparatus capa- 
ble of infrared-transmitting a digital signal within a spec- 
ified frequency band can be realized by using QPSK- 
modulatlon means provided with a means for generating 
an l-component signal and a Q-component signal 
through serial/parallel conversion, a roll-off filter with a 
predetemnined roll-off rate for nan-owing a bandwidth 
through filtering of the l-component signal and the Q- 
component signal, and a means for two-phase-modu- 
lating the filtered I- and Q-component signals, and driv- 
ing an infrared emitter based on a digital modulated sig- 
nal supplied from the QPSK-modulation means and 
thereby generating infrared rays. 
[0064] Moreover, according to the present invention, 
a digital signal transmission apparatus capable of infra- 



red-transmitting a digital signal within a specified fre- 
quency band and obtaining a desired signal character- 
istic at the receiving side can be realized by applying a 
different modulation to each data value included in the 
5 digital signal in accordance with a predetermined signif- 
icance of the data value, using a plurality of modulation 
means having a roll-off filter respectively, and driving an 
infrared emitter based on the digital signal modulated 
by each modulation means. 

10 

Claims 

1 . A digital signal transmission apparatus comprising: 

15 

input means (10) for receiving a digital signal 
at a predetennined transmission rate; 
a refonnatting means (12) for removing unnec- 
essary or duplicate data from the received dig- 

20 jtal signal; 

QPSK-modulation means (13) including a 
means (131) for generating an l-component 
signal and a Q-component signal through seri- 
al/parallel conversion of the digital signal sup- 

25 piled from said refonnatting means (12), a roll- 

off filter (132, 133) with a predetemnlned roll-off 
rate for narrowing a bandwidth through filtering 
of the l-component signal and the Q-compo- 
nent signal, and a means (134, 135) for two- 

30 phase-modulating the filtered I- and Q-compo- 

nent signals; and 

infrared transmission means (1 ) for transmitting 
the modulated digital signal to external units by 
driving an infrared emitter (4) based on the dig- 
35 ital modulated signal supplied from said QPSK- 

modulation means (1 3) and thereby generating 
infrared rays. 

2. The digital signal transmission apparatus according 
40 to claims 1 , wherein said roll-off filter (1 32, 1 33) has 

a roll-off rate of approximately 20% to 30%. 

3. The digital signal transmission apparatus according 
to claim 1 or 2, wherein: 

45 said digital signal comprises a signal and/or 

signals with a sampling frequency and/or sampling 
frequencies of 32 kHz, 44.056 kHz, 44.1 kHz, and/ 
or 48 kHz; and 

said QPSK-modulation means (13) sets said 

so digital signal within a frequency band of 3 MHz to 6 
MHz. 

4. The digital signal transmission apparatus according 
to claim 1 or 2, wherein: 

55 said digital signal comprises signals with first and 
second sampling frequencies whose sampling fre- 
quency ratio is m:n, wherein m and n are positive 
integers and m>n; and 



13 



EP0690 598B1 



14 



said QPSK-modulation means (13) is provided with 
patching means (130) for patching said signal with 
the second sampling frequency to process it as said 
signal with the first sampling frequency. 

5. The digital signal transmission apparatus according 
to claim 4, wherein: 

said digital signal further comprises signals 
with third and fourth sampling frequencies which 
are close to each other; 

said roll-off filter (132, 133) comprises a first 
roll-off filter for roll-off-shaping said signal with the 
first sampling frequency and a second roll-off filter 
for roll-off-shaping said signals with the third and the 
fourth sampling frequencies as one sampling fre- 
quency; and 

switching means (SW2, SW3) for selecting ei- 
ther of an output of said first roll-off filter and an out- 
put of said second roll-off filter and supplying the 
selected signal to said two-phase-modulating 
means (134, 135) is included. 

6. The digital signal transmission apparatus according 
to claim 5, wherein said first, second, third, and 
fourth digital signals are signals having the sam- 
pling frequencies of 32 kHz, 48 kHz, 44.056 kHz, 
and 44.1 kHz respectively. 

7. The digital signal transmission apparatus according 
to any one of the preceding claims, comprising 

error-correction-code addition means (30) for 
adding an error correction code to said Inputted 
digital signal and supplying the signal provided 
with the error connection code to said QPSK- 
modulatlon means (13). 

8. The digital signal transmission apparatus according 
to claim 7, wherein said error-correction-code addi- 
tion means (30) comprises: 

data division means (31 ) for dividing said digital 
signal into a plurality of data values in accord- 
ance with a predetennined signifrcance of each 
data value included in said digital signal; 
error-correction-code addition means (32) for 
adding a different error correction code to each 
divided data value; and 
addition means (33) for adding said data values 
provided with different en^or connection codes. 

9. The digital signal transmission apparatus according 
to any one of the preceding claims, comprising: 

data division means (41 ) for dividing said digital 
signal into a plurality of data values in accord- 
ance with a predetennined signlf k:ance of each 
data value included in said digital signal; 



BPSK-modulation means (42A) for roll-off- 
shaping and BPSK-modulating one of said di- 
vided data values; 

16QAM -modulation means (424) for roll-off- 
shaping and 1 6QAM-modulating one of said di- 
vided data values; and 

addition means (43) for adding said BPSK- 
moduiated data, said 1 6QAM-modulated data, 
and said QPSK-modulated data, 

wherein 

said infrared transmission means (1) gener- 
ates infrared rays by driving an infrared emitter 
based on a digital modulated signal supplied from 
said addition means and transmits said digital sig- 
nal to external units. 

10. A digital signal transmission method comprising 

a step of receiving (1 0) a digital signal at a pre- 
detennined transmission rate; 
a step of removing (12) unnecessary or dupli- 
cate data from the received digital signal; 
a QPSK-modulatlon step (13) of generating an 
l-component signal and a Q-component signal 
through serial/parallel conversion (131) of the 
digital signal supplied from said removing step 
(12), for perfomrilng roll-off filtering (132, 133) 
to the l-component signal and the Q-compo- 
nent signal to narrow a bandwidth, and for two- 
phase-modulating (134, 1 35) the roll -off filtered 
1- and Q-component signals; and 
a Infrared transmission step (1) of transmitting 
the modulated digital signal to external units by 
driving an infrared emitter based on the digital 
modulated signal supplied by said QPSK-mod- 
ulation step and thereby generating infrared 
rays. 

1 1 . The digital signal transmission method according to 

claim 10, wherein said roll-off filter (132, 133) used 
on said QPSK-moduiation step (13) has a roll-off 
rate of approximately 20% to 30%. 



45 12. The digital signal transmission method according to 
claim 10 or 11, wherein: 

said digital signal comprises a signal and/or 
signals with a sampling frequency and/or sampling 
frequencies of 32 kHz, 44.056 kHz, 44.1 kHz, and/ 
so or 48 kHz; and 

in said QPSK-modulation means step (13), 
said digital signal is set within a frequency band of 
3 MHz to 6 MHz. 

55 13. The digital signal transmission method according to 
claim 10 to 11 , wherein: 

said digital signal comprises signals with first 
and second sampling frequencies whose sampling 
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frequency ratio is m:n, wherein m and n are positive 
integers and m>n; and 

In said QPSK-modulation step (13), said sig- 
nal with the second sampling frequency is patched 
to process it as said signal with the first sampling s 
frequency. 

1 4. The digital signal transmission method according to 
claim 13, wherein: 

said digital signal further comprises signals 
with third and fourth sampling frequencies which 
are close to each other; 

said QPSK-modulation step (1 3) includes first 
roll-off filtering processing step of roll-off-shaping 
said signal with the first sampling frequency, and 
second roll-off filtering processing step of roll-off- 
shaping said signals with the third and the fourth 
sampling frequencies as one sampling frequency; 
and 

either of a processing result obtained by said 
first roll-off filtering processing step and a process- 
ing result obtained by said second roil-off filtering 
processing step is selected (SW2, SW3), and the 
selected signal Is two-phase-modulated (132, 135). 

15. The digital signal transmission method according to 
claim 14, wherein 

said first, second, third, and fourth digital sig- 
nals are signals having the sampling frequencies of 
32 kHz, 48 kHz, 44.056 kHz. and 44.1 kHz respec- 
tively. 

1 6. The digital signal transmission method according to 
anyone of claims 10 to 15, comprising 

the error-correction-code addition step (30) of 
adding an error correction code to said inputted dig- 
ital signal and supplying the signal provided with the 
error correction code to said QPSK-moduiatlon 
step. 

17. The digital signal transmission method according to 
claim 1 6, wherein 

said en'or-correction-code addition step (30) 
comprising: 

the data division step (31 ) of dividing said digital 
signal into a plurality of data values in accord- 
ance with a predetemnined significance of each 
data value included in said digital signal; 
the error-correction-code addition step (32) of 
adding a different error connection code to each 
divided data value; and 
the addition step (33) of adding said data values 
provided with different error correction codes. 

18. The digital signal transmission method according to 
claim 10, comprising: 
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the data division step (41 ) of dividing said digital 
signal Into a plurality of data values in accord- 
ance with a predetermined significance of each 
data value included in said digital signal; 
the BPSK-modulation step (42A) of roll-off- 
shaping and BPSK-modulatIng one of said di- 
vided data values; 

the 16QAM-moduiation step (42C) of roll-off- 
shaping and 1 BQAM-modulating one of said di- 
vided data values; and 

the addition step (43) of adding said BPSK- 
modulated data, said 1 6QAM-modulated data, 
and said QPSK-modutated data, 

wherein 

in said infrared transmission step (1 ), infrared 
rays is generated by driving an infrared emitter 
based on a digital modulated signal supplied from 
said addition step, and said digital signal is trans- 
mitted to external units. 

19. A digital signal transmitter-receiver comprising: 

a reformatting means (12) for removing unnec- 
essary or duplicate data from the received dig- 
ital signal, 

QPSK-modulation means (13) including a 
means for generating, with a predetermined 
transmission rate, an l-component signal and a 
Q-component signal through serial/parallel 
conversion (131) of the digital signal supplied 
from said reformatting means (12), a roll-off fil- 
ter with a predetermined roll-off rate for narrow- 
ing a bandwidth through filtering (132, 133) of 
the l-component signal and the Q-component 
signal, and a means for two-phase-modulating 
the filtered I- and Q-component signals; 
infrared transmission means (1) for transmitting 
the modulated digital signal by driving an infra- 
red emitter based on the digital modulated sig- 
nal supplied from said QPSK-modulation 
means (13) and thereby generating infrared 
rays; 

infrared-ray receiving means (6) for receiving 
the Infrared rays transmitted from said Infrared 
transmission means and fomiing a receiving 
signal corresponding to said digital modulated 
signal; and 

demodulation means for reproducing said dig- 
ital signal by demodulating said receiving sig- 
nal. 

20. The digital signal transmitter-receiver according to 
claim 19, wherein: 

said QPSK-modulation means (13) and said 
infrared transmission means (1) are arranged in a 
first electronic unit; and 

said infrared-ray receiving means (6) and said 
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demodulation means are arranged in a second 
electronic unit outside of the first electronic unit. 

21. The digital signal transmitter-receiver according to 
claim 19 or 20, wherein said second electronic unit 
is a speaker system. 



PatentansprQche 

1 . Digitalsignat-SendegerSt 

mit einer Eingangseinrichtung (1 0) zum Emp- 
fangen eines Digitalsignals mit einer vorbestimm- 
ten Senderate, 

mit einer Neuformatierungseinrichtung (12) 
zum Entfemen von unn6tigen Oder duplizlerten Da- 
ten aus dem empfangenen Digitalsignal, 

mit einer QPSK-Modulatlonselnrichtung (13), 
die eine Einrichtung (131) zum Erzeugen eines 
l-Komponentensignals und eines Q-Kcmponenten- 
signals durch serielie/paraliele Umwandlung des 
aus der Neuformatierungseinrichtung (12) geliefer- 
ten Digitalsignals, fernerein Roll-Off-Fitter (133) mit 
einer vorbestimmten Roll-Off-Rate zur Verringe- 
rung der Bandbreite durch Filterung des l-Kompo- 
nentensignals und des Q-Komponentensignals und 
eine Einrichtung (135) zum Zweiphasen-Modulie- 
ren der gefilterten I- und Q-Komponentensignale 
aufweist, und 

mit einer Infrarot-Sendeeinrichtung (1) zum 
Senden des modulierten Digitalsignals an externe 
EInheiten durch Ansteuern eines infrarotstrahiers 
(4) auf der Basis des von der QPSK-Modulations- 
einrichtung (10) gelieferten modulierten Digitalsi- 
gnals und dadurch Erzeugen von Infrarotstrahlen. 

2. Digitaisignal-Sendegerat nach Anspruch 1 , bei dem 

das Roll-Off-Fitter (132, 133) eine Roll-Off- 
Rate von etwa 20% bis 30% besitzt. 

3. Digitalsignal-Sendegergt nach Anspruch 1 oder 2, 
bei dem 

das Digitalsignal ein Signal und/oder Signale 
mit einer Abtastfrequenz und/oder mit Abtastfre- 
quenzen von 32 kHz, 44,056 IcHz, 44,1 kHz und/ 
Oder 48 l<Hz aufweist und 

die QPSK-Modulationselnrichtung (13) das 
Digitalsignal in ein Frequenzband von 3 MHz bis 6 
IVIHz setzt. 

4. Digitatsignal-SendegerSt nach Anspruch 1 oder 2, 
bei dem 

das Digitalsignal Signale mit einer ersten und 
einer zweiten Abtastfrequenz aufweist, deren Ab- 
tastfrequenzverhaltnis gleich m:n ist, wobei m und 
n positive ganze Zahien sind und m > n ist. und 

die QPSK-l\^oduiationseinrichtung (13) mit ei- 
ner Patch-Einrichtung (130) zum Patchen des Sl- 
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gnals mit der zweiten Abtastfrequenz ausgestattet 
ist, um es so zu verarbeiten wie das Signal mit der 
ersten Abtastfrequenz. 

5 5. Digitaisignal-Sendegerat nach Anspruch 4, bei dem 
das Digitalsignal femer Signale mit einer drit- 
ten und einer vierten Abtastfrequenz aufweist, die 
nahe beieinander tiegen, 

das Roll-Off-Filter (132, 133) ein erstes Roll- 

10 Off-Filter fiir die Roll-Off- Fomiung des Signals mit 
der ersten Abtastfrequenz aufweist sowie ein zwei- 
tes Roli-Off-Filter fiir die Roll-Off- Formung der Si- 
gnale mit der dritten und der vierten Abtastfrequenz 
als einer Abtastfrequenz und 

IS eine Schalteinrichtung (SW2, SW3) vorgese- 

hen ist zum Auswfihlen eines der Ausgangssignale 
des ersten Roii-Off-Fllters und des zweiten Roll-Off- 
Filters und zur Lieferung des ausgewahlten Signals 
an die Zweiphasen-Modulationseinrichtung (134, 

20 135). 

6. Digitaisignal-Sendegerat nach Anspruch 5, bei dem 

das erste, zweite, dritte und vierte Digitalsi- 
gnal Signale mit den Abtastfrequenzen 32 IcHz, 48 
25 kHz, 44,056 kHz bzw. 44,1 kHz sind. 

7. Digitaisignal-Sendegerat nach einem der vorherge- 
henden Anspruche, 

mit einer Fehlerkon'ekturcode-Addiereinrich- 
30 tung (30) zum Addieren eines Fehlerkorrektur- 
codes zu dem eingegebenen Digitalsignal und zum 
Zufuhren des mit dem Fehlerkorrekturcode verse- 
henen Signals zu der QPSK-Moduiationseinrich- 
tung (13). 

35 

8. Digitaisignal-Sendegerat nach Anspruch 7, bei dem 
die Fehlerkorekturcode-Addiereinrichtung (30) 
aufweist: 

40 eine Datenteilungseinrichtung (31) zum Teilen 

des Digitalsignals in eine Mehrzahl von Daten- 
werten entsprechend einer vorbestimmten Si- 
gn if ikanz jedes in dem Digitalsignal enthalte- 
nen Datenwerts, 
45 eine Fehlerkorrekturcode-Addiereinrichtung 

(32) zum Addieren eines unterschiedlichen 
Fehlerkorrekturcodes zu jedem geteilten Da- 
tenwert und 

eine Addiereinrichtung (33) zum Addieren der 
so mit unterschiedlichen Fehierkon^ekturcodes 

versehenen Datenwerte. 

9. Digitaisignal-Sendegerat nach einem der vorherge- 
henden Anspruche, 

S5 mit einer Datenteilungseinrichtung (41 ) zum 

Teilen des Digitalsignals in eine Mehrzahl von Da- 
tenwerten entsprechend einer vorbestimmten Si- 
gnifikanz jedes in dem Digitalsignal enthaltenen 
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Datenwerts, 

mit einer BPSK-Modulationselnrlchtung 
{42A) zum Roll-Off-Formen und BPSK-Modulieren 
eines der genannten geteilten Datenwerte, 

mit einer 16QAM-Modulationseinrichtung 5 
(42C) zum Roll-Off-Fomien und 160AM-Modulie- 
ren eines der genannten geteilten Datenwerte und 

mit einer Addiereinrichtung (43) zum Addie- 
ren der BPSK-modulierten Daten, der 16QAM-mo- 
dufierten Daten und der QPSK-modulierten Daten, 
wobei 

die Infrarot-Sendeeinrichtung (1) durch An- 
steuem eines Inf rarotstralilers (4) auf der Basis des 
aus der Addiereinrichtung geiieferten modulierten 
Digitalsignals Infrarotstrahlen erzeugt und das Di- 
gitalsignal an exteme Einheiten sendet. 

10. DIgitalsignal-Sendeverfahren 

mit einem Empfangsschritt (10) zum Empfan- 
gen eines Digitalsignals mit einer vorbestimmten 
Senderate, 

mit einem Verfalirensscliritt (12) zum Entfer- 
nen von unndtlgen Oder dupllzierten Daten aus dem 
empfangenen Digitalsignal, 

mit einem QPSK-Modulattonsschritt (13), 
zum Erzeugen eines l-Komponentensignais und ei- 
nes Q-Komponentensignals durch serielle/paralle- 
le Umwandlung des von der Entfernungsschritt (12) 
geiieferten Digitalsignals, zur Durchfuhrung einer 
Roll-Off- Filterung (132, 133) an dem l-Komponen- 
tensignal und dem Q-Komponentensignal zur Ver- 
ringerung der Bandbreite und zum Zweiphasen- 
Modulieren der roll-off-gefilterten I- und Q-Kompo- 
nentensignale und 

mit einem Infrarot-Sendeschritt (1) zum Sen- 
den des modulierten Digitalsignals an exteme Ein- 
heiten durch Ansteuem eines Infrarotstrahlers (4) 
auf der Basis des von dem QPSK-Modulations- 
schritt geiieferten modulierten Digitalsignals und 
dadurch Erzeugen von Infrarotstrahlen. 

11. DIgitalsignal-Sendeverfahren nach Anspruch 10, 
bel dem 

das in dem QPSK-Modulationsschritt (13) be- 
nutzte Roll-Off-Fllter eine Roll-Off-Rate von etwa 
20% bis 30% besitzt. 

12. Digitalsignal-Sendeverfahren nach Anspruch 10 
Oder 11, bei dem 

das Digitalsignal ein Signal und/oder Signale 
mit einer Abtastfrequenz und/oder mit Abtastfre- 
quenzen von 32 kHz, 44,056 kHz, 44,1 kHz und/ 
Oder 48 kHz aufweist und 

das Digitalsignal In dem QPSK-Modulations- 
schritt (13) In ein Frequenzband von 3 MHz bis 6 
MHz gesetzt wird. 

13. DIgitalsignal-Sendeverfahren nach Anspruch 10 
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bis 1 1 , bei dem 

das Digitalsignal Signale mit einer ersten und 
einer zweiten Abtastfrequenz aufweist, deren Ab- 
tastfrequenzverhaltnis gleich m: n ist, wobei m und 
n positive ganze Zahlen sind und m> n ist, und 

das Signal mit der zweiten Abtastfrequenz in 
dem QPSK-Modulationsschritt (1 3) einem Patching 
unterzogen wind, urn es so zu verarbeiten wie das 
Signal mit der ersten Abtastfrequenz. 

14. Digitalsignal-Sendeverfahren nach Anspruch 13, 
bel dem 

das Digitalsignal femer Signale mit einer drlt- 
ten und einer vierten Abtastfrequenz aufweist, die 
nahe beieinander tlegen, 

der QPSK-Modulationsschritt (13) einen Ver- 
arbeltungsschritt fur eine erste Rolt-Off-Filterung fur 
die Roll-Off-Fonmung des Signals mit der ersten Ab- 
tastfrequenz und einen Verarbeitungsschritt fur ei- 
ne zweite Roll-Off-Filterung fiir die Roll-Off-For- 
mung der Signale mit der dritten und der vierten Ab- 
tastfrequenz als einer Abtastfrequenz umfaBt und 

das durch den Verarbeitungsschritt der ersten 
Roll-Off-Filterung gewonnene Verarbeltungsergeb- 
nis Oder das durch den Verarbeitungsschritt der 
zweiten Roll-Off- Filterung gewonnene Verarbel- 
tungsergebnis ausgewahit wird (SW2, SW3) und 
das ausgew§hlte Signal zweiphasen-moduliert wird 
(134, 135). 

15. DIgitalsignal-Sendeverfahren nach Anspruch 14, 
bet dem 

das erste, zweite, dritte und vierte Digitalsi- 
gnal Signale mit den Abtastfrequenzen 32 kHz, 48 
kHz. 44.056 kHz bzw. 44,1 kHz sind. 

16. Digitalsignal-Sendeverfahren nach einem der An- 
spriiche 10 bis 15, das umfaBt: 

den Fehlerkorrekturcode-Addierschritt (30) 
zum Addieren eines Fehlerkorrekturcodes zu 
dem eingegebenen Signal und zum Zufuhren 
des mit dem Fehlerkorrekturcode versehenen 
Signals zu der QPSK-Modulationsschritt. 

17. Digitalsignal-Sendeverfahren nach Anspruch 16, 

bel dem 

der Fehlerkorrekturcode-Addierschritt (30) 
umfaBt: 

den Datenteilungsschritt (31) zum Teilen des 
Digitalsignals in eine Mehrzahl von Datenwer- 
ten entsprechend einer vorbestimmten Signifl- 
kanz jedes in dem Digitalsignal enthattenen 
Datenwerts, 

den Fehlerkorrekturcode-Addierschritt (32) 
zum Addieren eines unterschiedlichen Fehler- 
korrekturcodes zu jedem geteilten Datenwert, 
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den Addierschritt (33) zum Addieren der mit un- 
terschiedlichen Fehlerkorrekturcodes versehe- 
nen Datenwerte. 

18. Digitalsignai-Sendeverfahren nach Anspmch 10, 
das umfa3t: 

den Datenteilungsschritt (41) zum Tellen des 
Digitaisignals in eine Mehrzahl von Datenwer- 
ten entsprechend einer vorbestimmten Signifi- 
kanz jedes in dem Digitalsignal enthaltenen 
Datenwerts, 

den BPSK-Modulationsschritt (42A) zum Roll- 
Off-Fomnen und BPSK-Modulleren eines der 
genannten geteitten Datenwerte, 
den 16QAM-Modulationsschritt (42C) zum 
Roll-Off- Fonnen und 16QAM-Modulieren eines 
der genannten geteitten Datenwerte und 
den Addierschritt (43) zum Addieren der BPSK- 
modulierten Daten, der 16QAM-modulierten 
Daten und der QPSK-moduiierten Daten, wo- 
bei 

In dem Infrarot-Sendescliritt (1) durch Ansteu- 
ern eines Infrarotstrahlers (4) auf der Basis ei- 
nes von der Addierschritt gelieferten modulier- 
ten Digitaisignals infrarotstrahlen erzeugt wer- 
den und das Digitalsignal an exteme EInheiten 
gesendet wird. 

1 9. Digitalslgnal-Sender-Empf anger 

mit einer Neufomiatierungselnrichtung (12) 
zum Entfemen von unnotigen oder dupllzierten Da- 
ten aus dem empfangenen Digitalsignal, 

mit einer QPSK-Modulatlonseinrichtung (13). 
die eIne Einrlchtung (131) zum Erzeugen eines 
l-Komponentensignals und eines Q-Komponenten- 
signais durch serieiie/paraiiele Umwandlung des 
aus der Neuformatierungseinrichtung (12) geliefer- 
ten Digitaisignals, ferner ein Roll-Off-Filter (1 33) mit 
einer vorbestimmten Roll-Off-Rate zur Verrlnge- 
rung der Bandbreite durch Filterung des l-Kompo- 
nentensignals und des Q-Komponentensignals und 
eine Einrichtung (135) zum Zweiphasen-Modulie- 
ren der gefilterten I- und Q-Komponentenslgnaie 
aufweist, und 

mit einer Infrarot-Sendeelnrichtung (1) zum 
Senden des modulierten Digitaisignals an externe 
EInheiten durch Ansteuern eines Infrarotstrahlers 
(4) auf der Basis des von der QPSK-Modulations- 
einrichtung (10) gelieferten modulierten Digitaisi- 
gnals und dadurch Erzeugen von Infrarotstrahlen, 

mit einer Infrarotstrahl-Empfangseinrichtung 
(6) zum Empfangen der von der Infrarot-Sendeeln- 
richtung gesendeten Infrarotstrahlen und zum Er- 
zeugen eines dem modulierten Digitalsignal ent- 
sprechenden Empfangssignals und 

mit einer Demodulatlonseinrlchtung zum Re- 
produzieren des Digitaisignals durch Demodulieren 
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des Empfangssignals. 

20. Digitalsignal-Sender-Empfanger nach Anspruch 
19, bei dem 

5 die OPSK-Modulationseinrichtung (13) und 

die Infrarot-Sendeelnrichtung (1) in einer ersten 
eiektronlschen Einhelt angeordnet sind und 

die infrarotstrahl-Empfangseinrichtung (6) 
und die Demodulatlonseinrlchtung in einer zweiten 

10 eiektronlschen Einhett au3erhalb der ersten eiek- 
tronlschen Einhelt angeordnet sind. 

21. Digitalsignal-Sender-Empfanger nach Anspruch 19 
Oder 20, 

15 bei dem die zweite eiektronische Einhelt ein 

Lautsprechersystem ist. 



Revendlcations 
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1. DIspositIf de transmission de signaux num6riques 
comprenant: 

des moyens d'entr6e (10) pour recevoir un sl- 
25 gnal num6rique & une cadence de transmission 

pr6d6temriin6e; 

des moyens de refomnatage (12) pour eliminer 
des donn^es Inutiles ou en double du signal nu- 
m^rique regu; 

30 des moyens de modulation QPSK (1 3) compre- 

nant des moyens (131) pour gen6rer un signal 
de composante I et un signal de composante 
Q au moyen d'One conversion s^rie parallele 
du signal num^rique delivre par lesdits moyens 

35 de refomriatage (1 2), un f litre de limitation (1 32, 

1 33) comportant un taux de limitation predeter- 
mine pour r^tr^ir une largeur de bande parfil- 
trage du signal de composante I et du signal de 
composante Q, et des moyens (134, 134) pour 

40 r^allser une modulation sur deux phases des 

signaux de composantes I et Q f litres; et 
des moyens de transmission infrarouge (1) 
pourtransmettre le signal numerique moduli h 
des unites externes au moyen de lacommande 

45 d'un 6metteur d infrarouge (4) sur la base du 

signal numerique module delivre par lesdits 
moyens de modulation QPSK (13) et produire 
de ce fait un rayonnement infrarouge. 

50 2. Dispositif de transmission de signaux num^riques 
selon la revendication 1 , dans iequel ledit filtre de 
limitation (132, 133) poss^de un taux de limitation 
d'envlron 20 % d 30 %. 

55 3. Dispositif de transmission de signaux numdriques 
selon la revendication 1 ou 2, dans iequel: 

ledit signal numerique comprend un signal ou 
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des signaux ayant une frequence d'tehantillon- 
nage et/ou des frequences d'^chantillonnage 
de 32 kHz, 44,056 kHz, 44,1 kHz et/ou 48 kHz; 
et 

lesdits moyens de modulation QPSK (13) 
glent ledit signal num^rique dans une gamme 
de frequences de 3 MHz ^ 6 MHz. 

4. Dtspositif de transmission de signaux num^riques 
selon la revendteatton 1 ou 2, dans lequel: 

ledit signal numerique comprend des signaux 
comportant des premiere et seconde frequen- 
ces d'echantillonnage, dont le rapport des fre- 
quences d'echantillonnage est m:n, m et n 
etant des entiers positlfs et m > n; et 
lesdits moyens de modulation QPSK (13) sont 
equip6s de moyen de correction (1 30) pour cor- 
riger ledit signal avec ladlte seconde frequence 
d'echantiilonnage pour le trailer en tant que le- 
dit signal possedant la premiere frequence 
d'ecliantillonnage. 

5. Dispositif de transmission de signaux numerique 
selon la revendication 4, dans lequel: 

ledit signal numerique comporte en outre des 
signaux possedant des trolsieme et quatrieme 
frequences d'echantiilonnage, qui sont pro- 
ches I'une de I'autre; 

ledit f litre de limitation (132, 133) comprend un 
premier f litre de limitation pour la mise en fonne 
avec limitation dudit signal possedant la pre- 
miere frequence d'echantiilonnage et un se- 
cond filtre de limitation pour reallser la mise en 
fomie avec limitation desdits signaux posse- 
dant les troisieme et quatrieme frequences 
d'echantiilonnage comme une seule frequence 
d'echantiilonnage; et 

des moyens de commutation (SW2, SW3) sont 

inclus pour selection nersoit un signal de sortie 
dudit premier filtre de limitation, soit un signal 
de sortie dudit second filtre de limitation et en- 
voyer le signal selectionne auxdits moyens de 
modulation k deux phases (134, 135). 

6. Dispositif de transmission de signaux numeriques 
selon la revendication 5, selon lequel lesdits pre- 
mier, second, troisieme et quatrieme signaux nu- 
meriques sont des signaux contenant respective- 
ment des frequences d'echantilionnage egales k 32 
kHz, 48 kHz, 44,056 kHz et 44,1 kHz. 

7. Dispositif de transmission de signaux numeriques 
selon I'une quelconque des revendications prece- 
dentes, comprenant des moyens (30) d'addltion de 
code de correction d'erreurs pour ajouter un code 
de correction d'en^eurs audit signal numerique in- 
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troduit, envoyer le signal pourvu du code de correc- 
tion d'erreurs auxdits moyens de modulation QPSK 

(13). 

5 8. Dispositif de transmission de signaux numeriques 
selon la revendication 7, dans lequel lesdits 
moyens (30) d'addltion du code de correction d'er- 
reurs comprennent: 

10 des moyens (31) de division de donnees pour 

diviser ledit signal numerique en une pluralite 
de valours de donnees confomnement k une 
importance predetennlnee de chaque valour 
de donnees contenue dans ledit signal nume- 
15 rique; 

des moyens (32) d'addltion de code de correc- 
tion d'en^eurs pour ajouter un code de correc- 
tion d'en^eurs different k chaque valeur de don- 
nees divisee; et 
20 des moyens d'addltion (33) pour additionner 

lesdites valeurs de donnees pourvues de co- 
des de correction d'erreurs differents. 

9. Dispositif de transmission de signaux numeriques 
25 selon I'une quelconque des revendications prece- 

dentes, comprenant: 

des moyens de division de donnees (41) pour 

diviser iedit signal numerique en une pluralite 
30 de valeurs de donnees confomn6ment a une 

importance predetenmin6e de chaque valeur 
de donnees contenue dans ledit signal nume- 
rique; 

des moyens de modulation BPSK (42A) pour 
35 reallser la mise en fomie avec limitation et la 

modulation BPSK de I'une desdites valeurs de 
donnees divisees; 

des moyens de modulation 16QAM (424) pour 
la mise en fomne avec limitation et la modula- 
te tlon 16QAM de I'une desdites valeurs de don- 
nees divisees; et 

des moyens d'addltion (43) pour additionner 
lesdites donnees modulees selon la modula- 
tion BPSK, lesdites donnees moduiees selon 
45 la modulation 1 6QAM et lesdites donnees mo- 

duiees selon la modulation QPSK, 

dans lequel 

lesdits moyens de transmission infrarouge (1 ) 
50 generent un rayonnement Infrarouge par comman- 
de d'un emetteur infrarouge sur la base d'un signal 
numerique module deiivre par lesdits moyens d'ad- 
dltion et transmettent ledit signal numerique k des 
unites externes. 

55 

10. Precede de transmission de signaux numeriques 
comprenant une etape de reception (1 0) d'un signal 
numerique k une cadence de transmission prede- 
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termin6e; 

une 6tape d'^limination (12) de donndes inuti- 
les ou en double du signal num^rique regu; 
une 6tape de modulation QPSK (13) pour pro- 
dulre un signal de composante I et un signal de 
composante Q au moyen d'une conversion s6- 
rie - paralldle du signal nunn^rique d^livr^ par 
lesdits moyens de reformatage (12), un filtre de 
limitation (132, 133) comportant un taux de li- 
mitation pr6d6temiin6 pour r6tr6clr une largeur 
de bande par f iltrage du signal de composante 
I et du signal de composante Q, et des moyens 
(134, 134) pour r^aliser une modulation sur 
deux phases des signaux de composantes t et 
Q flltr^s; et 

une 6tape de transmission Infrarouge (1) pour 
transmettre le signal numdrique moduli k des 
unites extemes au moyen de la commande 
d'un emetteur k infrarouge sur la base du signal 
num^rique moduli d6llvr6 par lesdits moyens 
de modulation QPSK et produire de ce fait un 
rayonnement infrarouge. 

11. Proc6d6 de transmission de signaux num6riques 
seion la revendlcation 10, dans lequel ledit filtre de 
limitation (132, 133) utilise pour ladite 6tape de mo- 
dulation QPSK (13) poss^e un taux de limitation 
compris entre environ 20 % et 30 %. 

12. Procdd^ de transmission de signaux num6rlques 
seton la revendlcation 10 ou 11, seion lequel: 

ledit signal num^rique comprend un signal ou 
des signaux ayant u ne frequence d'teliantillon- 
nage et/ou des frequences d'^chantilionnage 
de 32 kHz, 44,066 kHz, 44,1 kHz et/ou 48 kHz; 
et 

dans ladite ^tape de modulation QPSK, ledit si- 
gnal est T6g\6 dans une bande de frequences 
allant de 3 MHz ^6 MHz. 
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ledit signal num^rlque comporte en outre des 
signaux poss6dant des troisi^me et quatrieme 
frequences d'echantillonnage, qui sont pro- 
ches rune de Tautre; 

ladite etape de modulation QPSK (13) com- 
prend une premifere 6tape de traitement avec 
filtrage de limitation comprenant la mise en for- 
me avec limitation dudit signal possedant la 
premiere frequence d'echantillonnage, et une 
seconde etape de filtrage avec limitation com- 
prenant la mIse en f onne avec limitation desdits 
signaux possedant les troisieme et quatrieme 
frequences de limitation en tant qu'une fre- 
quence d'echantillonnage; et 
I'un d'un resultat de traitement foumi par ladite 
premiere etape de traitement de filtrage avec 
limitation et d'un resultat de traitement obtenu 
avec ladite seconde etape de traitement de fil- 
trage avec limitation est selectionne (SW2, 
SW3) et le signal selectionne est module seion 
une modulation sur deux phases (132, 135). 

15. Precede de transmission de signaux numehques 
seion la revendlcation 14, seion lequel 

lesdits premier, second, troisieme et quatrieme 
signaux numeriques sont des signaux posse- 
dant les frequences d'echantillonnage egales 
respectivement k 32 kHz, 48 kHz, 44,056 kHz 
et44,1 kHz. 

16. Precede de transmission de signaux numeriques 
seion I'une queteonque des revendications 10^15, 
comprenant 

i'etape (30) d'addition de code de con-ectlon 
d'erreurs consistant k ajouter un code de cor- 
rection d'en^eurs audit signal numerique Intro- 
duit, et envoyer ie signal poun/u du code de cor- 
rection d'en^eurs k ladite etape de modulation 
QPSK. 



13. Precede de transmission de signaux numeriques 
seion les revendications 10 et 11, seion lequel 

ledit signal numerique comprend ies signaux 
comportant des premiere et seconde frequen- 
ces d'echantillonnage, dont le rapport des fre- 
quences d'echantillonnage est m:n, m et n 
etant des entiers positffs et m > n; et 
dans ladite etape de modulation QPSK (1 3), le- 
dit signal comportant la seconde frequence 
d'echantillonnage est corrige pour son traite- 
ment en tant que ledit signal possedant la pre- 
miere frequence d'echantillonnage. 

1 4. Precede de transmission de signaux numerique se- 
ion la revendlcation 13, dans lequel: 



17. Procede de transmission de signaux numeriques 
seion la revendlcation 1 6, seion lequel, ladite etape 
45 (30) d'addition du code de connection d'erreurs com- 
prend: 

ladite etape (31) de division de donnees con- 
sistant k diviser ledit signal numerique en une 
50 pluraiite de valeurs de donnees confomiement 

k une importance predetemiinee de chaque va- 
leur de donnees incluse dans ledit signal nu- 
merique; 

retape (32) d'addition du code de con-ection 
ss d'erreurs, consistant ajouter un code de correc- 

tion d'erreurs different k chaque vaieur de don- 
nees divlsee; et 

i'etape d'addition (33) consistant k additionner 
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lesdftes valeurs de donn^es d6livr6es avec dif- 
fdrents codes de correction d'erreurs. 

18. Proc6d6 de transmission de signaux numdriques 
selon ia revendication 10, comprenant: s 

)'6tape de division dedonnees (41) pour divisor 
ledft signal num^rique en une pluraiitd de va- 
leurs de donn6es conform6ment 6 une impor- 
tance pr6ddtennin6e de chaque valeur de don- io 
n6es incluse dans ledit signal num^rlque; 
i'dtape de modulation BPSK (42A) de mise en 
fomie avec limitation et modulation BPSK de 
Tune desdites valeurs de donn6es divis^e; 
I'dtape de modulation 1 6QAI\^ (42C) compre- 
nant une mise en fomne avec limitation et une 
modulation 1 6QAM de i'une desdites valeurs 
de donndes divls^es; et 
I'etape d'addition (43) consistant k additionner 
lesdftes donn6es moduldes seion la moduta- 20 
tion BPSK lesdites donn^es modul^es selon la 
modulation 16QAM et lesdites donnas modu- 
les selon ia modulation QPSK, 

selon lequel 25 
lors de ladite 6tape de transmission infrarou- 
ge (1) un rayonnement infrarouge est g^ner^ par la 
commande d'un dmetteur infrarouge sur la base 
d'un signal num^rique moduli delivr^ par ladite 6ta- 
pe d'addition et ledit signal num^rique est transmis 30 
k des unites externes. 



recevoir le rayonnement infrarouge transmis 
par lesdits moyens de transmission infrarouge 
et former un signal de reception correspondant 
audit signal num^rique moduli; et 
des moyens de demodulation pour reproduire 
ledit signal num^rique par demodulation dudit 
signal de r^eption. 

20. Emetteur - r^epteur de signaux num6riques selon 
la revendication 19, dans lequel: 

lesdits moyens de modulation QPSK (13) et 
lesdits moyens de transmission infrarouge (1 ) 
sont disposes dans une premi&re unite electro- 
nique, et 

lesdits moyens de reception de rayonnement 
infrarouge (6) et lesdits moyens de demodula- 
tion sont disposes dans une seconde unite 
electron ique k Texterieur de la premiere unite 
electron ique. 

21 . Emetteur - recepteur de signaux numeriques selon 
la revendication 19 ou 20, dans lequel ladite secon- 
de unite eiectronlque est un systeme de haut- 
parleur. 



19. Emetteur - recepteur de signaux numeriques com- 
prenant: 

des moyens de refomriatage (12) pour eliminer 
des donnees inutiles ou en double du signal nu- 
merique re9u; 

des moyens de modulation QPSK (13) pour 
produire, avec une cadence de transmission 
predeterminee, un signal de composante 1 et 
un signal de composante Q au moyen d'une 
conversion serle - paralieie du signal numerl- 
que deiivre par lesdits moyens de refomiatage 
(12), un flltre de limitation (132, 133) compor- 
tant un taux de limitation predetermine pour re- 
trecir une large ur de bande par filtrage du si- 
gnal de composante I et du signal de compo- 
sante Q, et des moyens pour realiser une mo- 
dulation sur deux pliases des signaux de com- 
posantes i et Q filtres; et 
des moyens de transmission infrarouge (1) 
pour transmettre le signal numerique module 
par commande d'un emetteur k infrarouge sur 
la base du signal numerique module deiivre par 
lesdits moyens de modulation QPSK (1 3) et de 
ce fait produire un rayonnement Infrarouge; 
des moyens de reception infrarouge (6) pour 
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